Simple hepatic steatosis is a benign condition, but it may cause serious liver damage as it may lead to steatohepatitis, fibrosis and cirrhosis. The Controlled Attenuation Parameter (CAP) of fibroscan assesses hepatic steatosis. The aim of this work was to assess hepatic steatosis in patients with chronic hepatitis B infection using FibroScan and to detect its relation to insulin resistance.
INTRODUCTION
Hepatitis B Virus (HBV) infection is still considered a serious universal public health problem in spite of the effective HBV vaccination programs [1] . Two billion people worldwide have been infected with HBV; 240 million people of them are chronically infected [2] . Chronic HBV infection is considered to be an important risk factor for cirrhosis and Hepatocellular Carcinoma (HCC) that can occur even in the absence of cirrhosis [3] . steatosis, but it can only detect steatosis when hepatic fat content ≥ 20% [6] .
The Controlled Attenuation Parameter (CAP) measured by Transient Elastography was recently introduced as a promising non-invasive quantitative test for measuring hepatic steatosis [7] , as it assesses hepatic steatosis when hepatic fat content is at least 5% [8] .
Insulin Resistance (IR) is the condition in which a greater than normal amount of insulin is needed to elicit a quantitatively normal response. IR was found to be linked to chronic liver disease and progression to fibrosis, cirrhosis and HCC [9] . IR can be measured by different methods (i.e. Euglycaemic clamp and modified insulin suppression test) [10] , or can be calculated using equations that depend on determination of fasting plasma insulin concentrations (i.e. quantitative insulin sensitivity check index (QUICKI) and homeostatic model assessment (HOMA-IR)) [11] .
Until now, the relationship between CHB infection and hepatic steatosis is still unclear [12] , also its role in the occurrence of IR is still controversial [13] .
The aim of this work was to assess hepatic steatosis in patients with chronic hepatitis B infection using FibroScan and to detect its relation to insulin resistance.
METHODS
This cross-sectional study was conducted in Tropical Medicine Department Tanta University. Seventy-seven patients who attended fibroscan examination and met our inclusion criteria in the period between 2/2017 to 6/2018 were enrolled. Inclusion criteria included: Chronic HBV infected patients (positive HBsAg and positive quantitative PCR of HBV DNA for more than 6 months), aged > 18 years. Exclusion criteria included: Hepatitis C virus infection, previous or ongoing alcoholism, Diabetes mellitus, and obesity body mass was calculated using the following equation: Bodyweight (kg)/height 2 (m 2 ).
Patients with body mass index > 29.9 were excluded, hepatic malignancy, use of medications associated with fatty liver disease within the past year (i.e., amiodarone, tamoxifen, methotrexate, corticosteroid, etc.).
All patients provided informed written consent and the study was approved by the Ethical Committee of Faculty of Medicine, Tanta University (the approval code 31672/07/17). All patients had code numbers to ensure the privacy of patients. Fasting insulin blood level (measured by the calbiotech insulin ELIZA kit) and Fasting Blood Glucose (FBG) were measured for the estimation of Homeostasis Model Assessment-insulin resistance (HOMA-IR) using the following formula:
Fasting glucose (mg/dl) x fasting insulin (µU/mL)/405.
Ultrasound of abdomen and pelvis: It was performed in Tropical medicine department using Toshiba Nemio XG apparatus with a convex probe 3.5 MHz using (B-mode) for the assessment of liver echogenicity, liver surface nodularity, liver edge, size of the liver, periportal fibrosis and narrowing of intrahepatic vessels, size of spleen and presence of other abnormal findings as ascites.
Transient Elastography: Liver stiffness measurement was performed with Fibroscan (echosens-France) 502 M probe, it was performed by experienced operators following the instructions of the manufacturer, expressing the stiffness results in Kilopascals (kPa). All measurements were performed with FibroScan (M) probe or (XL) probe. Hepatic steatosis is measured at the same session using the same probe (M probe) or (XL) probe to detect Controlled Attenuation Parameter (CAP), and data were automatically calculated concurrently with the liver stiffness measurement. CAP will be assessed only in case of a valid and reliable TE measurement. Up to 10 valid measurements were performed on each patient with a success rate of above 60% and an interquartile range/median ratio of less than 30% which were considered reliable [14] .
Operators of Transient elastography were blinded to the clinical data and results of ultrasound of the patients. Transient Elastography, abdominal ultrasound, lipid profile and insulin resistance calculation were performed on the same day.
Statistical Analysis
Statistical presentation and analysis of the present study were conducted, using the mean, standard deviation, student ttest, Chi-square and Linear Correlation Coefficient by SPSS V20. ROC (receiver operator characteristic) curve was used to find out the cut-off value with the best sensitivity and specificity to assess the validity of certain variables. Data were presented as the mean ± standard deviation (SD). A p-value of less than or equal to 0.05 was considered statically significant, while p-value less than 0.01was considered highly significant.
RESULTS
Seventy-seven (77) patients were enrolled and categorized into two groups according to steatosis degree measured by Fibroscan ( Fig. 1 ). Fig. (1) . Flow chart of the study.
Group 1: 47 patients with CHB virus infection with nonsignificant steatosis CAP values > 258 (61.04% of the studied patients); Group 2: 30 patients with CHB infection with significant steatosis CAP values ≥ 258 (38.96% of the studied patients).
There were no statistical differences between the studied groups regarding age, sex, liver function tests, complete blood picture, prothrombin time, serum creatinine level, fasting blood sugar level, and quantitative PCR of HBV DNA, BMI, cholesterol, triglycerides, HDL, LDL, and liver stiffness measured by Fibroscan (Table 1) .
There was a statistically significant difference between two studied groups regarding fasting insulin and HOMA-IR as they were significantly higher in the second group (17.648±6.213 vs. 23.299±6.367) and (3.495±1.056 vs. 5.133±1.177) respectively (p-value <0.001) ( Table 2) .
Fibroscan examination: liver stiffness measures ranged from 2.8-29.9KPa, with no significant difference between two studied groups (P value= 0.886), while CAP results ranged from 100-396 db/m ( Fig. 2a, b ).
Ultrasound examination for qualitative detection of liver echogenicity: There was a statistically significant difference between two studied groups as the liver appeared bright in 34.04% of the patients in group 1 (16 patients of 47 patients) vs. 83.33% in group 2 (25 patients of 30 patients) (P-value <0.001) ( Table 3) .
Correlations among hepatic steatosis measured by Fibroscan and different parameters: There was a significant positive correlation between the degree of hepatic steatosis measured by Fibroscan and: Fasting insulin blood level (r = 0.460/ P value < 0.001), HOMA-IR (r = 0.650/ P value < 0.001), serum cholesterol (r=0.281/ P value = 0.013) and LDL (r = 0.274/ P value = 0.016) ( Table 4 ).
An ROC curve analysis was performed to set a cutoff of fasting insulin and HOMA IR for the detection of steatosis. At cutoff < 23, fasting insulin had a sensitivity of 63.33% and specificity of 80.85% for the detection of steatosis (AUC 0.759). While; at cutoff < 4.7 HOMA-IR had a sensitivity of 80% and specificity of 93.62% for the detection of steatosis (AUC 0.88) ( At cutoff < 222 db/m steatosis measured by fibroscan had a sensitivity of 63.33% and specificity of 82.35% for the detection of insulin resistance (AUC 0.67) ( Table 6 ).
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DISCUSSION
There was no significant difference regarding age and sex between our two studied groups in accordance with Baclig et al., (2018) , who reported no significant correlation between the age and steatosis in CHB infected patients [15] . In contrast, Rastogi et al., (2011) and Lin et al., (2007) concluded that older CHB infected patients were more liable to have steatosis [16, 17] .
Moreover, Cheng et al., (2013) found that males tend to have a higher risk of fatty liver before the age of 50 than females due to more common accumulation of visceral fat in males, while in females estrogen plays a protective role against visceral fat accumulation and decreases insulin resistance before the age of 50. These differences in results may be due to different methods of assessment of steatosis as they used liver biopsy and abdominal Ultrasound for the detection of steatosis [18] .
In regard to laboratory tests, there was no significant difference between the two studied groups. On the contrary, Demir et al., (2007) and Joo et al., (2017) concluded that ALT was higher in patients with CHB suffering from steatosis [19, 20] .
The effect of viral load using quantitative PCR for HBV DNA on the development of steatosis has also been studied but there was no statistically significant difference between the two studied groups; it was similar to previous studies [9, 21] . On the other hand, Rastogi et al., (2011) and Enomoto et al., (2016) documented that CHB infected patients without steatosis have higher PCR for HBV DNA [16, 22] .
Despite there were no statistically significant differences regarding serum cholesterol, triglycerides, Low-density Lipopro-teins (LDL) and high-density lipoproteins (HDL) between the two studied groups. Serum cholesterol and LDL showed a positive correlation with hepatic steatosis measured by Fibroscan. Similarly, Baclig et al., (2018) and Tirosh O., (2018) reported that serum cholesterol correlates with the occurrence of hepatic steatosis [15, 23] . While other studies reported that triglycerides tend to be higher in patients with steatosis [16, 24, 25] .
As regards Fasting Blood Glucose (FBG) there was no significant difference between the two studied groups, also there was no correlation with steatosis measured by Fibroscan. This was in agreement with the results obtained by Rastogi et al., (2011) [16] , while Cheng et al., (2013) stated that FBG tends to be higher in CHB infected patient with steatosis than those without steatosis, these differences may be due to using different tools in the assessment of steatosis (Ultrasound vs. Fibroscan) and they included diabetic patients in their study [18] .
On the other hand, there was a positive correlation between insulin resistance and FBG.
Fasting insulin and insulin resistance calculated by HOMA-IR were significantly higher in patients in the second group and there was a positive correlation between the degree of hepatic steatosis measured by Fibroscan for all patient groups and fasting insulin level. These results were in agreement with previous studies [9, 26, 27] .
There was also a positive correlation between fasting insulin and cholesterol, triglycerides and LDL. This was in agreement with prior studies [28, 29] .
After ROC curve analysis, cutoff values with the best sensitivity and specificity had been chosen. At cutoff > 4.7, HOMA-IR had a sensitivity of 80% and a specificity of 93.62% for the detection of steatosis. Similar to our study, Ubiña-Aznar et al., (2017) concluded that at cut-off 4.9 HOMA-R had 100% sensitivity and 67.9% specificity for the detection of steatosis. However, this study was conducted on 94 non-CHB infected children to determine the factors associated with increased risk for steatosis [30] .
To our knowledge, this is the first study to determine the cutoff value for Steatosis degree detected by Fibroscan for the detection of insulin resistance in CHB patients and it was found that at cutoff 222db/m hepatic steatosis had a sensitivity of 63.33% and a specificity of 82.35% for detecting insulin resistance.
There was no significant difference between the two studied groups regarding the degree of liver fibrosis measured by Fibroscan. This was supported by data revealed by Zhang et al., (2019) who performed liver biopsy, Transient Elastography (TE) and Ultrasound for the assessment of steatosis and fibrosis, and concluded that there was no significant correlation between fibrosis and steatosis, and they added that Fibroscan is more accurate than other two methods in the assessment of steatosis and fibrosis [31] . Several previous studies had concluded the same results [9, 32 -36] .
All our patients had ultrasound examinations for qualitative assessment of liver steatosis and it was found that a statistically significant difference regarding liver echogenicity detected by ultrasound as 83.33% of our patients in the second group had bright liver. This was in agreement with the study documented by Li et al., (2018) [37].
One of the limitations of our study is the small sample size, also healthy volunteers in our study were not included, so further studies are needed to improve the validity of our results.
CONCLUSION
In conclusion, steatosis measured by Fibroscan in CHB infected patients is a strong predictor of Insulin Resistance (IR) and vice versa. In addition, liver echogenicity detected by ultrasound in CHB patients can be used as a predictor of liver steatosis. The study was approved by the Ethical Committee of Faculty of Medicine, Tanta University (the approval code 31672/07/17).
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